Background: Disturbance of balance and falls are commonly observed in people with multiple sclerosis (MS). Objectives: The aim of this study is to assess the postural balance in patients with MS by using clinical and instrumental methods and to specify the most direction of balance instability among MS patients using Biodex stability system (BSS). Methods: Fifty ambulatory individuals with MS [42 relapsing-remitting (RRMS) and 8 secondary progressive (SPMS)] were evaluated for balance using quantitative Berg balance scale (BBS) and BSS. Twenty healthy volunteers were selected as a control group. Results: There was a statistically significant difference between the patient and control groups assessed by BBS. Moreover, patients with SPMS had worse postural balance when compared with RRMS. According to BSS, MS group showed more sway in the three limits of stability (mediolateral, antroposterior, and overall) when compared to the control group. The least stability level was observed in mediolateral direction in the patient group. The degree of tilt was higher in SPMS than RRMS as regard the three limits of stability. The BBS was significantly negatively correlated with age, Expanded Disability Status Scale (EDSS), duration of illness, and the Biodex tilt. Also, there were positive significant correlation between age, EDSS score, and the duration of illness of the disease with parameters of BSS (mediolateral, antroposterior, and overall). Conclusion: BSS was significantly correlated with clinical balance measurement scale using BBS in MS patients. Moreover, BSS can provide more objective, quantitative measures of postural imbalance.
Introduction
Multiple sclerosis is one of the most frequent neurological diseases in young adults and its prevalence shows a heterogeneous distribution among countries [1, 2] . Lack of balance and falls are among the most disabling symptoms of multiple sclerosis and may affect about 75% of patients over the course of the disease [3] . Balance impairment reduces mobility and independence, leads to falls and injuries, impacts upon overall quality of life [4] . Imbalance in multiple sclerosis (MS) remains incurable with major burden on the society [5] .
Deficiency in any one of the multiple sensory or motor mechanisms of the postural system can produce dramatic effects on postural stability and motor performance. Numerous factors including biometric factors, physiological functions, cognitive processing, visual feedback, and cerebellar activity have shown to influence postural sway [6] .
Clinical tests usually rate balance performance on a set of motor tasks. Scoring is based on the sum of ordinal item scores. Ideally, an evaluation of postural balance should include clinical scales that are practical, sensitive, selective, reliable, and valid. Although some clinical scales are easy and relatively quick to use, they are hampered by their variable execution [7, 8] .
The Biodex stability system (BSS) was used to assess the participant's dynamic balance. It is used for both assessment and training of the dynamic balance, and dynamic limits of stability. It focuses on the proprioceptive neuromuscular mechanisms that appear to affect both dynamic joint and postural stabilities [9, 10] .
The aim of this study were to assess the postural balance in patients with MS by using clinical and instrumental methods and to determine the differences in the directions of tilt of the instrumental method (Biodex stability system) which may help in the rehabilitation programs of the patients.
Subjects and methods
This case-control study was conducted on 50 patients with multiple sclerosis either relapsing-remitting multiple sclerosis (RRMS) or secondary progressive multiple sclerosis (SPMS) (mean age = 30.06 ± 7.7 years, M:F = 16:34) diagnosed according to McDonald's criteria 2017 [11] , recruited from outpatient clinic of Faculty of Medicine, Cairo University. Expanded Disability Status Scale (EDSS) of these patients is < 5. Patients with RRMS were being in remission period (at least 2 months after last relapse). Twenty healthy volunteers were selected as a control group matching in age, gender, weight, and height to patients. Informed written consent was obtained from participants and the study was approved by the ethical committee of Department of Physical Therapy for Neuromuscular Disorders and its Surgery, Faculty of Physical Therapy, Cairo University. Registration number (NO:P.T.REC/010/001075).
Excluded from this study are patients with cognitive impairments (MMSE ≤ 24) [12] , patients with skeletal deformities in lower limbs, diabetes mellitus, as well as patients with visual and internal ear dysfunction.
Patients were subjected to (a) complete general and neurological examination including EDSS [13] . (b) Clinical assessment of balance using Berg balance scale (BBS) which consists of 14 standardized sub-tests scored on 5-point scales (0-4), with a maximum score of 56 (the best performance) examining individuals' ability to sit, stand, reach, maintain single-leg stance, and turn [14] . Scores less than 45 were considered as faller [15] . (c) Instrumental assessment of balance using BSS. The system supplies with data regarding the balance of the tested subject. This data include anteroposterior (AP) stability index, mediolateral (ML) stability index, and overall stability index. The smaller the amount of the sway, the lower the numerical value of these indices will be [16] .
Statistical methods
Data was analyzed using SPSS version 21. Numerical data will be expressed as mean and standard deviation. Frequency and percentage for qualitative data, student t test will be used to compare the difference between two means of quantitative variables among patients and controls, chi-square test will be used to compare qualitative variables, and correlation was done using Spearman rank coefficient to study the relation between numeric variables. Paired t test was used to compare two means in the same patients; level of significant was at p value ≤ 0.05.
Results

General characteristics of the subjects Patient group
Fifty patients with multiple sclerosis (16 males and 34 females) were included in this group. Their mean age was 30.06 ± 7.7 years, mean weight was 70.28 ± 11.36 kg, mean height was 161.46 ± 7.5 cm, and mean body mass index (BMI) was 26.97 ± 4.16 kg/m 2 .
Control group
Twenty healthy volunteer subjects (7 males and 13 females) were included. Their mean age was 29.9 ± 4.81 years, mean weight was 78.9 ± 21.01 kg, mean height was 164.9 ± 8.91 cm, and mean BMI was 28.80 ± 6.81 kg/m 2 . There was no statistically significant difference between both groups regarding age, gender, weight, height, and BMI (p value > 0.05).
Clinical characteristics of patients
Patient group consisted of 50 patients, 42 (84%) had RRMS and 8 (16%) patients had SPMS. The mean values of the age, weight, height, BMI, duration of illness, and EDSS were represented in (Table 1) .
Clinical assessment of the balance using Berg balance scale test
In patient group, there were 39 (78%) subjects concerned as non-fallers (score between 56 and 45 in BBS according to Riddle and Stratford [18] , while 11 (22.0%) subjects were concerned as fallers (score less than 45). In the control group, all subjects were detected as non-faller (100%). There was significant difference between both groups (p value = 0.027). Also, there was a significant difference between RRMS and SPMS regarding BBS score (p value = 0.001). Comparison between patient and control groups as regard the stability indices of BSS There were significant differences between patient and control group as regard the three limits of stability mediolateral, anteroposterior, and overall (p value = 0.001, 0.005, and 0.002) respectively as shown in (Table 2) .
Comparison between the deviation (tilt) in anteroposterior and mediolateral direction in patient group
By using Biodex stability system (BSS), the mediolateral and antroposterior directions cutoff values in the patient group were 1.79°and 2.26°respectively (as regard the control cutoff values). The least stability level was observed in mediolateral direction in the patient group (p value = 0.001) ( Table 3) .
Comparison between the patient subgroups (RRMS and SPMS) as regard stability indices of BSS
The degree of tilt was higher in SPMS than RRMS as regard the three limits of stability mediolateral, anteroposterior, and overall (p value = 0.009, 0.001, and 0.003) respectively.
The relation between BBS and BSS
In MS patients, the faller group showed more significant deviation than non-faller group in the three directions (anteroposterior, mediolateral, and overall) (p value = 0.002, 0.001, and 0.001) respectively as shown in (Table 4) .
Correlation between BBS and the patient data
The Berg balance scale (BBS) was significantly negatively correlated with age, EDSS, duration of illness, and the Biodex tilt in the three different directions (mediolateral, antroposterior, and overall). Also, there were positive correlation between BBS and weight, height and BMI. This is shown in (Table 5) .
Correlation between the BSS and the patients' data
There were positive significant correlation between age, EDSS score, and the duration of illness of the disease with parameters of BSS (mediolateral, antroposterior, and overall). Also, there was a negative correlation between weight, height, BMI, and BBS with the parameters of BSS (Table 6 ).
Discussion
In patients with MS, balance deficits and the associated fear of falling result in significant declines in their mobility and activity levels, decreased social contact [17] . Balance assessment is necessary for multiple sclerosis subjects in rehabilitation settings. It helps establishing appropriate treatment goals. Also, it is important to increase awareness of fall risk and to assign appropriate assistive devices [18, 19] . BBS is used as screening tool for balance problems in people with MS [20] . Assessment of balance by BBS test revealed significant difference between patient and control groups in the present study. This was in agreement with Finlayson and colleagues. Finlayson et al. [21] and Nilsagard et al. [22] found that the balance impairment can be associated with increased risk of fall in MS patients when measuring by BBS. On the other hand, Fjeldstad and colleagues [20] reported that BBS measures mainly the static balance and does not provide significant information about dynamic functions. In contrast to the present study, Findling and colleagues [23] found that the use of clinical balance protocols (BBS) did not identify any balance abnormalities. This may be attributed to the sample of patients chosen in that study as they were minimally impaired MS patients with EDSS scores less than 3.
According to the current study, there was a significant difference between RRMS and SPMS groups as regard BBS score. There was more instability found in SPMS group than RRMS group. In agreement with the present Table 4 Comparison between fallers and non-fallers as regard the degree of tilt in the limits of the stability of BSS BSS Non faller (n = 39) Faller (n = 11) P value Mean ± SD Degree/second ML 
study, Soyuer and colleagues [19] found that patients with MS report worse postural balance and increased risk of falls when compared with healthy controls. This is more significant for those with progressive forms of MS rather than the relapsing remitting form of MS. Instrumental measures of balance may be more sensitive than common clinical tests for documenting both deficits and improvements in balance, even in minimally impaired patients with MS [24] . According to the current study, assessment with the Biodex stability system (BSS) revealed that the MS group demonstrated greater postural sway in the three limits of stability compared with healthy control group. The least stability level was observed in mediolateral direction. Also, the SPMS group showed more instability than the RRMS group in all tilting directions. Moreover, there were significant differences between fallers and non-fallers as regard BSS assessment in the three directions of tilt. Fjeldstad and colleagues [20] found that there was a significant difference between the MS and healthy control groups for both static and dynamic balance using BBS and NeuroCom SMART Balance Master. They found a significant correlation between the postural assessments using the standard BBS and approximately 70% of all tests performed with the NeuroCom balance tests for the MS group. Moreover, Findling and colleagues [23] reported significant balance changes in MS patients compared to healthy subjects on a normal surface in both anteroposterior and mediolateral direction, while standing on two legs with eyes opened. Also, they found significant differences for angular range velocity in the mediolateral direction. Furthermore, Sosnoff and colleagues [24] found that faller subjects exhibited increased sway velocity in the ML direction with eyes opened more than the anteroposterior direction compared to non-faller subjects. This was in agreement with the present results. The current study findings are contrary to Cattaneo and colleagues [25] who found that the patients in MS group showed more instability than the healthy subjects in anteroposterior direction more than mediolateral direction.
According to the present results, the possibility of falling according to the BBS and BSS assessment increases in older patients, patients with higher score of EDSS, and those with increased duration of illness. This was in accordance with Sosnoff and colleagues [24] who observed that people with MS who are older, walk slower, and have worse balance and decreased walking endurance are at a greater risk of falls. Also, Prosperini and colleagues [3] found that fallers had a longer disease duration and worse EDSS and had lower BBS scores than non-fallers. According to Nilsagard and colleagues [22] , they found that there were significant differences between fallers and non-fallers with regard to EDSS and for each degree of increased EDSS score, the odds of falling were doubled.
From all previous results, we conclude that BSS was significantly correlated with clinical balance measurement scale using BBS in MS patients. Moreover, BSS can provide more objective, quantitative measures of postural imbalance. This may help in applying the suitable rehabilitation program of the patients. 
